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Aims: To establish the prevalence of admission plasma glucose in 'diabetes' and 
'at risk' ranges in emergency hospital admissions with no prior diagnosis of diabe-
tes; characteristics of people with hyperglycaemia; and factors influencing glucose 
measurement.
Methods: Electronic patient records for 113 097 hospital admissions over 1 year from 
2014	to	2015	included	43	201	emergencies	with	glucose	available	for	31	927	(74%)	
admissions,	comprising	22	045	people.	Data	are	presented	for	18	965	people	with	no	
prior diagnosis of diabetes and glucose available on first attendance.
Results: Three	quarters	(14	214)	were	White	Europeans	aged	62	(43-78)	years,	me-
dian	(IQ	range);	12%	(2241)	South	Asians	46	(32-64)	years;	9%	(1726)	Unknown/Other	








particularly affected. One third of all emergency admissions were for <24 hours with 
58%	of	these	having	glucose	measured	compared	to	82%	with	duration	>24	hours.
Conclusions: Hyperglycaemia	was	 evident	 in	 21%	 of	 adults	 admitted	 as	 an	 emer-
gency;	various	aspects	related	to	follow-up	and	initial	testing,	age	and	ethnicity	need	
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1  | INTRODUC TION
The current diabetes pandemic threatens both the health and econ-
omy of nations.1 The prevalence is increasing year by year adding 
markedly to the cost of health care funded by governments or pri-
vate	 healthcare	 organizations.	 Diabetes	 currently	 consumes	 over	
10%	of	the	UK	National	Health	Service	(NHS)	budget.2 The preva-




Symptoms of diabetes are not always evident until people consult 
a family doctor or are admitted to hospital.5 Undiagnosed diabetes 
results in an eightfold increase in mortality for hospital admissions 
compared to those with normal glucose.6	 Admission	 glucose	 is	
strongly associated with mortality in acutely ill medical patients7 
with	 hyper/hypoglycaemia	 independent	 predictors	 of	 in-hospital	
mortality in patients not previously diagnosed with diabetes.8,9




is not currently requested routinely on hospital admission for this pur-
pose.	Data	from	an	Irish	hospital	indicates	that	HbA1c	could	be	used	
for	follow-up	testing11 although it is not suitable for people with some 
haemoglobinopathies or altered red blood cell turnover.10
This clinical audit reports on admission plasma glucose in emer-
gency admissions with no prior diabetes coding using laboratory and 
demographic data from hospital electronic patient records over 1 year. 












There	were	 113	 097	 admissions	 between	April	 2014	 and	March	
2015	with	38%	(43	201)	emergencies,	others	elective	admissions	
or	day	care	patients	(Figure	1).	Self-reported	ethnicity	was	coded	
as	 White	 European/Caucasian	 (British,	 Irish	 or	 any	 other	 white	
background);	 South	 Asian	 (Indian,	 Pakistani,	 Bangladeshi	 or	 any	
other	 Asian	 background);	 Afro-Caribbean	 (Caribbean,	 African	 or	
any	 other	 black	 background);	 other	 groups	 (Chinese,	 any	 other	






This study was performed by the Diabetes 
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to be considered by professional bodies addressing undiagnosed diabetes in hospital 
admissions.
K E Y W O R D S
emergency	admissions,	hyperglycaemia,	undiagnosed	diabetes
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and	 unknown	 (those	 not	 specified	 and	 missing).	 Diabetes	 sta-
tus	was	assigned	on	admission	from	ICD	10	coding	 (International	





(patient	 information	 and	 communication	 system)	 with	 the	 initial	




dom capillary blood on glucose meters or arterial/venous whole 
blood samples on gas machines with results reported as plasma; 
Roche	 Cobas	 Inform	 II	 glucose	meters	 (CV	 5%)	 and	 Roche	 Cobas	
b221	blood	gas	machines	(CV	4%).	Blood	was	collected	into	fluoride	
oxalate vacutainers for measurement of plasma glucose in the cen-
tral	hospital	laboratory	using	Roche	Cobas	8000	analysers	(CV	2%).	
Internal quality control and external quality assurance were over-
seen by the hospital blood sciences laboratory. The performance of 
the	point-of-care	equipment	was	compared	with	the	laboratory	ana-
lysers and found to be acceptable.
2.5 | Statistical analysis




plot2 and vcd packages.12-14
Variables	are	presented	 in	Tables	1	and	2	as	median	and	 inter-
quartile	 range,	 or	 count/percentage.	 Mann-Whitney	 or	 Fisher's	
exact tests were used to compare groups. The association between 





predicted glucose values obtained from a linear regression model of log 
glucose	on	age,	sex	and	ethnicity	(including	interactions,	Table	3)	were	
plotted against age. Differences between the sexes and between ethnic 
groups	were	assessed	by	examining	their	interaction	with	age.	No	ad-
justment was made for multiple comparisons.
Bonferroni-corrected	 t tests were performed to investigate 
age and gender differences in admission plasma glucose in non-
repeat admissions within each ethnic group. Multilevel contin-
gency	tables	associating	frequencies	of	glucose,	sex,	and	ethnicity	




ple in ethnic groups in Table 2 with a significance level of .05/6 used 
to	adjust	for	multiple	comparisons.	Due	to	unequal	sample	size,	the	
power to detect a difference depended on whether the lower pro-
portion related to the smaller or larger group.
3  | RESULTS







F I G U R E  1  Flow	chart	for	emergency	
admissions to a UK hospital located in a 
multi-ethnic	region	over	1	y:	2014-2015
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3.2 | Availability of glucose
One third of all emergency admissions stayed in hospital for <24 hours 









Admissions with glucose 
availableb 
People with glucose 
available
People with glucose available and no 
prior diabetes codingb,c 
n 43 201 31	927	(74%) 22 045 18	965	(86%)
Aged ,	y 60	(41-77) 62	(43-77)e,*** 60	(41-76) 58	(38-76)e,***
Female 21	658	(50%) 15	947	(74%) 10 936 9539	(87%)***
Male 21	233	(50%) 15	744	(74%) 10 982 9325	(85%)
White	European	(WE) 32	581	(75%) 23	942	(73%) 16 271 14	214	(87%)
South	Asian	(SA) 5408	(13%) 4243	(78%)*** 2910 2241	(77%)***
Unknown/Other	(U/O) 3420	(8%) 2351	(69%)*** 1891 1726	(91%)***
Afro-Caribbean	(AC) 1792	(4%) 1391	(78%)*** 973 784	(81%)***
Diabetes coding
Prior 5867	(14%) 5523	(94%)*** 3080 —
No	prior 37	334	(86%) 26	404	(71%) 18 965 18	965	(100%)
Admission	<24	h 14	181	(33%) 8258	(58%)*** 6224 5524	(89%)***
Admission	≥24	h 29	020	(67%) 23	669	(82%) 15 821 13	441	(85%)
Repeat admission 12	537	(29%) 9882	(79%)*** — —
Glucosed 	mmol/L — 6.4	(5.4-8.0) 6.4	(5.4-7.9) 6.2	(5.3-7.4)***
a%	for	categories	within	column.	
bP	values	for	comparing	%	in	each	category;	WE,	reference	category	for	ethnicity.	
cP values for comparison of glucose for column 4 vs those in 3 but not 4. 
dMedian	and	quartiles	otherwise	n	(%).	
eP values for comparison of age—column 2 vs those in 1 but not 2 and column 4 vs those in 3 but not 4. 
***P < .001. 
TA B L E  2   Ethnic differences in people admitted as an emergency with glucose measured on admission but no prior diagnosis of diabetes
 
People with no prior diabetes 











n 18 965 14 214 2241 1726 784  
Ageb ,	y 58	(38-76) 62	(43-78) 46	(32-64) 43	(29-61) 49	(33-63) c***
Age	≥90	y 968	(5%) 906	(6%) 31	(1%) 24	(1%) 7	(1%)  
Female,	n	(%) 9539	(50%) 7245	(51%) 1136	(51%) 761	(44%) 397	(51%) d***
Male 9325	(49%) 6969	(49%) 1105	(49%) 864	(50%) 387	(49%)  
Not	recorded 101	(1%) 0	(0%) 0	(0%) 101	(6%) 0	(0%)  
Glucoseb 	mmol/L 6.2	(5.3-7.4) 6.2	(5.4-7.5) 6.2	(5.3-7.5) 5.9	(5.2-7.2) 6.0	(5.2-7.2) e***
Ranges,	n	(%)
<5.0 2672	(14%) 1868	(13%) 364	(16%) 291	(17%) 149	(19%)  
5.0-5.5 3157	(17%) 2309	(16%) 375	(17%) 332	(19%) 141	(18%)  
5.6-7.7 9091	(48%) 6970	(49%) 989	(44%) 778	(45%) 354	(45%)  
7.8-11.0 3042	(16%) 2379	(17%) 338	(15%) 236	(14%) 89	(11%)  
>11.0 1003	(5%) 688	(5%) 175	(8%) 89	(5%) 51	(7%) f***
aSingle/index if multiple admissions. 
bMedian,	IQ	range.	
***P < .001 for cWE	vs	SA,	WE	vs	U/O,	WE	vs	AC,	SA	vs	U/O,	U/O	vs	AC;	dWE	vs	U/O	after	excluding	‘not	recorded’;	eWE	vs	U/O	&	AC,	SA	vs	U/O	&	
AC	(WE	&	SA	not	significantly	different	nor	U/O	&	AC);	ffor	proportion	with	glucose	>11.0	mmol/L	for	WE	vs	SA,	U/O	vs	SA.	
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with	no	differences	 in	gender.	Admissions	without	glucose	measure-
ments	were	8	years	younger	at	54	(36-73)	years,	P < .001.








Glucose	 was	 more	 likely	 to	 be	 measured	 on	 admission	 to	 Queen	
Elizabeth	Hospital	Birmingham	at	 the	weekend	 (Saturday/Sunday),	








8%	 (582)	 on	 five	or	more	occasions.	 People	 readmitted	were	more	




3.5 | Glucose and glycaemic status on admission
Glucose	was	6.4	(5.4-8.0)	mmol/L	in	74%	(31	927)	of	admissions	with	









(8%)	than	White	Europeans	(5%)	in	the	‘diabetes’	range,	P < .001. The 
proportion	of	White	Europeans	(17%)	and	South	Asians	(15%)	in	the	
‘at	risk’	range	was	higher	than	for	Afro-Caribbeans,	(11%)	P < .001 
and P = .010. Some guidance specifies age limits below which people 
should not be tested for undiagnosed diabetes.15	For	South	Asians	
aged	<30	years,	glucose	was	in	the	‘diabetes’	and	‘at	risk’	ranges	for	
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3.6 | Ethnicity of people admitted




(49	 years),	P	 <	 .001.	However,	 the	 age	 distributions	 of	 the	 ethnic	
groups	 were	 markedly	 different	 (Figure	 3A).	 Overall,	 5%	 (968)	 of	
people	were	aged	90	years	old	or	older	with	6%	White	European	and	
1%	 from	 the	other	ethnic	 groups	 (Table	2).	Proportionally	 glucose	
was	available	for	more	South	Asian	and	Afro-Caribbean	admissions,	
78%	 vs	 73%	 for	 White	 European	 and	 69%	 for	 Unknown/Others	
(Table	1).
3.7 | Admission glucose by age, gender and ethnicity
Glucose was higher as the age of the people admitted increased 




admission	 at	 6.2	 mmol/L	 than	 Afro-Caribbeans,	 6.0	 mmol/L,	 and	
Unknown/Others	5.9	mmmol/L,	P < .001. There were significant dif-
ferences in glucose over the age distribution depending on people's 
gender	and	ethnicity	 (Table	3).	 Increases	 in	glucose	with	age	were	
greater	for	South	Asian	men	and	women	than	for	White	Europeans	





A	 similar	 analysis	with	 age	 showed	 that	 South	Asian	women	aged	





3.8 | Diabetes diagnosed during hospital admission
Diabetes was diagnosed following routine protocol during 
the index admission in people without a prior diagnosis before 
F I G U R E  2   Glucose ranges for people admitted as an emergency without prior diabetes diagnosis by ethnicity and proposed age limit for 
follow-up.	AC,	Afro-Caribbean;	SA,	South	Asian;	U/O,	Unknown/Other;	WE,	White	European
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The prevalence of diabetes recorded in people in hospital in 
Birmingham	is	nearly	double	that	of	the	community	at	22%	vs	12%.16 
Early diagnosis of diabetes is important as people can be advised to 
alter	their	diet,	exercise	regimen	and	lifestyle,	or	blood	glucose	low-
ering treatment can be introduced when necessary.
Hyperglycaemia	 on	 admission	 to	 hospital	 is	 defined	 as	 'at	 risk'	
of	 diabetes,	 that	 is	 7.9–11	mmol/L	 or	 in	 the	 'diabetes'	 range,	 that	 is	
>11	mmol/L.	 Immediate	action	 is	 required	on	the	ward	when	people	
present	with	very	high	glucose,	 for	example	25/30	mmol/L15 to pre-
vent/diagnose	life-threatening	conditions	such	as	diabetic	ketoacidosis.
Undiagnosed diabetes may be the cause of hyperglycaemia on ad-
mission but its diagnosis should be confirmed by additional testing with 
HbA1c.	In	this	audit,	5%	of	White	Europeans	and	8%	of	South	Asians	
and	Afro-Caribbeans	had	glucose	in	the	'diabetes'	range	but	there	is	lit-
tle evidence on how many cases of diabetes would be confirmed on 
HbA1c	 testing.	People	 in	 this	 study	below	the	age	 limits	 specified	 in	
some guidance on additional testing had glucose in the abnormal ranges.
National	protocols	for	identifying	undiagnosed	diabetes	in	ad-
missions are mainly based on expert opinion and do not address 
the	 entire	 process	 from	 flexi-testing	 in	 a	 hospital	 laboratory	 to	
follow-up	 by	GPs.	Medico-legal	 implications	 can	 arise	when	 ab-
normal glucose is not acted on during admission as people may 
present some years later with diabetes complications if not diag-
nosed	during	or	after	their	hospital	stay	(Personal	communication	
from	 Dr	 Sandip	 Ghosh	 and	 Professor	 Graham	 Roberts).	 Some	
preliminary data on those diagnosed with diabetes on admission 
using	routine	procedures	are	presented	here.	But,	it	requires	more	
attention by the research team as it could reflect coding practice 




compares with other UK hospitals could be assessed by national inpa-
tient audit programs. This figure may be related to the length of stay 
in hospital. One third of all emergency admissions were for <24 hours 
with	58%	of	these	having	glucose	measured	compared	to	82%	with	a	
duration	of	>24	hours	(Table	1).	Those	without	glucose	available	were	
younger and more likely to be White European. The time/day of ad-
mission did not markedly influence the availability with only small dif-
ferences	observed	possibly	reflecting	the	hospital	organization.
The number of people in the 'at risk' range was much higher than 
those	in	the	'diabetes'	range	involving	16%	of	people	admitted	with	
glucose	measured.	However,	this	audit	is	limited	by	the	length	of	time	
the various ethnic groups have resided in the West Midlands.17	As	
South	Asians	and	Afro-Caribbeans	present	with	diabetes	at	a	younger	
age	than	White	Europeans,	it	is	vital	to	consider	the	age	cut-offs	for	
further testing quoted in some cases as 30 years for the former 
groups and 40 years for latter.15	In	routine	practice,	we	have	identi-
fied	South	Asian	males	presenting	in	their	20s	with	very	high	glucose	
and diabetic ketoacidosis—the reason why this audit was generated. 
As	 there	 were	 fewer	 Afro-Caribbeans	 in	 the	 audit,	 the	 power	 to	
F I G U R E  3  Age	distribution	and	predicted	admission	glucose	of	
people admitted to hospital as an emergency without prior diabetes 
diagnosis	by	ethnicity.	Purple:	Afro-Caribbean;	green:	South	Asian;	
blue: Unknown/Other ethnic groups; orange: White European



















































(C) Admission glucose in women, n = 9539
(A) Age, n = 18 965
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< 5.0 5.0 − 5.5 5.6 − 7.7 7.8 − 11.0 > 11.0
(A)  Ethnicity, n = 18 860
(B) Age for White Europeans, n = 14 211 (C) Age for South Asians, n = 2241
(D) Age for Unknown/Others, n = 1624 (E) Age for Afro-Caribbeans, n = 784
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detect	differences	between	proportions	of	5%	and	8%	in	this	group	
was	lower	at	54%-78%	than	for	the	other	ethnic	groups,	87%-100%.
The data presented here suggest that there should be no lower 
limit	 for	 follow-up	testing	 in	adults	 (Figure	2).	This	 is	 important	as	
diagnosis impacts on both disease progression and the risk of devel-
oping complications which are apparent several years before diagno-
sis. This evidence will help guideline writers to assess the workload 
and cost of implementing procedures for diagnosing diabetes in 
emergency	admissions.	The	Joint	British	Diabetes	Societies	(JBDS)	
guidance	on	diabetes	at	 the	 front	door	 issued	 in	February	202015 
recommends	further	testing	with	HbA1c	if	glucose	>7.8	mmol/L	 in	
people aged 40 years or older or 30 years depending on ethnicity.
Upgrading electronic patient record systems to identify peo-
ple	with	glucose	in	‘diabetes’	range	and	to	prioritize	further	HbA1c	
testing	 could	 help	 reduce	 readmission	 rates.	As	 raised	 glucose	 on	
admission	was	a	particular	problem	in	re-admissions,	only	their	first	
admission was included in subsequent analyses. The prevalence of 
admission	glucose	in	the	'diabetes'	range	was	27%	for	those	admit-
ted on five or more occasions.
Medical history/current records should be accessed when fol-
lowing up raised admission glucose as conditions requiring emer-
gency	 hospitalization	 can	 cause	 anaemia	 which	 may	 affect	 the	
accuracy	of	HbA1c.18,19 Ethnic differences in its relationship with 
glucose may be linked to red blood cell morphology.20,21 In addi-
tion,	variation	 in	people	with	normal	haematological	profiles	can	
account	for	differences	of	up	to	5	mmol/mol	(0.5%).	Some	coun-
tries	 are	 questioning	whether	 different	HbA1c	 cut-offs	 are	 nec-
essary	 for	 diagnosis	 of	 diabetes.	When	 inaccuracy	 is	 suspected,	
fructosamine can confirm abnormal glucose levels but the test is 
not recommended for diagnosis.
HbA1c	 is	 requested	 on	 admission	 of	 people	without	 diagnosed	
diabetes	now	in	some	hospitals	in	Europe,	America	and	Australia	but	
published data on its efficacy is minimal.6,22 When diagnosis using 
HbA1c	was	compared	with	OGTT	if	fasting	glucose	raised	in	general	
practice,	correlation	on	diabetes	diagnosis	reached	95%	when	HbA1c	
>57	 mmol/mol	 (7.5%).23	 A	 recent	 study	 of	 Australian	 adults	 aged	
≥60	years	reports	a	low	diagnosis	rate	for	diabetes	in	emergency	hos-
pital admissions due to people going into hospital undiagnosed and 
remaining	undiagnosed	during	admission	or	with	HbA1c	results	not	
necessarily communicated to family doctors on discharge.24
5  | CONCLUSIONS
A	 significant	 number	 of	 people	 admitted	 as	 an	 emergency	 but	 not	
previously diagnosed with diabetes had hyperglycaemia within the 
‘diabetes’	(5%)	and	‘at-risk’	ranges	(16%)	(Figure	2).	South	Asians	were	
admitted at a younger age than White Caucasians with their admission 
glucose	higher	and	South	Asian	men	particularly	affected	(Figure	4A).	
This audit highlighted various issues regarding the availability of 
glucose	on	admission	 (75%),	 readmission	 rate	as	hyperglycaemia	 in-
creased	with	 the	 number	 of	 admissions,	 whether	 age	 limits	 should	
be	 employed	 for	 additional	 HbA1c	 testing	 to	 confirm	 diagnosis	 as	
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